We present results of an all-sky hard X-ray survey based on almost four years of observations with the IBIS telescope on board the INTEGRAL observatory. The dead time-corrected exposure of the survey is ∼ 33 Ms. Approximately 12% and 80% of the sky have been covered to limiting fluxes lower than 1 and 5 mCrab, respectively. Our catalog of detected sources includes 400 objects, 339 of which exceed a 5σ detection threshold on the timeaveraged map of the sky and the rest were detected in various subsamples of exposures. Among the identified sources, 213 are Galactic (87 low-mass X-ray binaries, 74 high-mass X-ray binaries, 21 cataclysmic variables, 6 coronally active stars, and other types) and 136 are extragalactic, including 131 active galactic nuclei (AGNs) and 3 clusters of galaxies. We obtained number-flux functions for AGNs and Galactic sources. The log N -log S relation of AGNs (excluding blazars) is based on 69 sources with fluxes higher than S lim = 1.1×10 −11 erg s −1 cm −2 (∼ 0.8 mCrab) in the 17-60 keV energy band. The cumulative number-flux function of AGNs located at Galactic latitudes |b| > 5
Introduction
The INTEGRAL observatory (Winkler et al. 2003) has been successfully operating in orbit since its launch in 2002. Due to the high sensitivity and relatively good angular resolution of its instruments, in particular the coded-mask telescope IBIS (Ubertini et al. 2003) , surveying the sky in hard X-rays is one of the primary goals of INTEGRAL. A number of papers have reported results of deep observations of relatively compact regions of the sky (e.g Revnivtsev et al. 2003a; Molkov et al. 2004; Krivonos et al. 2005a; Revnivtsev et al. 2006 ) and of systematic searches for sources over very large sky areas (e.g., Bird et al. 2006a,b) . However, until recently it was difficult to use INTEGRAL data for source population studies, in particular extragalactic, because the coverage of the sky remained substantially incomplete. Therefore, in [2005] [2006] we performed dedicated observations of the previ-⋆ Based on observations with INTEGRAL, an ESA project with instruments and science data centre funded by ESA member states (especially the PI countries: Denmark, France, Germany, Italy, Switzerland, Spain), Czech Republic and Poland, and with the participation of Russia and the USA ously unobserved regions of the sky and thereby completed the most sensitive ever all-sky survey in hard X-rays. In this paper, we present a catalog of sources detected during the all-sky survey (Sect. 4), discuss the number-flux relations of Galactic and extragalactic hard X-ray sources (Sect. 5), and investigate the spatial distribution of local AGNs (Sect. 6).
Survey coverage and sensitivity
The present survey is based on observations performed during the first four years of the INTEGRAL mission. We used data from the ISGRI detector of the IBIS telescope, which is well suited for carrying out imaging surveys in hard X-rays. The coded-mask telescope IBIS provides a wide field of view of 28
• × 28 • (9 • × 9
• fully coded) and moderate angular resolution of 12 ′ . The localization accuracy of <2-3 ′ is sufficiently good for searches of soft X-ray and optical counterparts and subsequent optical identification of newly discovered hard X-ray sources.
We used all public and proprietary data available to us. The observations were performed during spacecraft revolutions from 25 (end of December 2002) to 463 (June 2006). Importantly, our data set includes the special series of thirteen 200 ks-long extragalactic pointings (PI Churazov), which allowed us to complete the survey of the entire sky. Figure 2 shows the fraction of the sky covered by the survey as a function of the limiting flux for source detection with at least 5σ significance. Approximately 12% and 80% of the sky are covered down to 1 and 5 mCrab, respectively. After data cleaning and dead-time correction, the total exposure time of the survey is ∼ 33 Ms.
Data analysis
We analyzed the entire set of INTEGRAL observations at the level of individual pointings (science windows, SCWs), which have typical exposures of 2 ksec. For each observation, the IBIS/ISGRI raw events list was converted to a sky image in our working energy band (17-60 keV). The employed algorithm of image reconstruction was previously described by Revnivtsev et al. (2004a) and Krivonos et al. (2005a) . Here we outline only those steps that are essential for the present study.
We first accumulated raw detector images in the 17-60 keV energy band and cleaned them from bad and noisy pixels. The reconstruction starts with rebinning the raw detector images onto a grid with a pixel size equal to 1/3 of the mask pixel size. This is close but not exactly equal to the detector pixel size. Therefore, the rebinning causes a moderate loss in spatial resolution but enables a straightforward application of standard coded-mask reconstruction algorithms (e.g., Fenimore et al. 1981 , Skinner et al. 1981 . Essentially, for each sky location, the flux is calculated as the total flux in those detector pixels that "see" that location through the mask minus the flux in those detector pixels that are blocked by the mask.
The image reconstruction is based on the DLD deconvolution procedure (see the notations in Fenimore et al. 1981) , with a mask pixel corresponding to n × n detector pixels. The original detector is treated as n × n independent detectors, and n × n independent sky images are reconstructed and then combined into a single image. A point source in such an image is represented by a n × n square. In our case, this leads to the effective point spread function (PSF) being approximately a square of 3 × 3 detector pixels, or 12 ′ × 12 ′ . After summing a large number of individual images, the 2D shape of the PSF can be well approximated by a Gaussian with σ = 1.25
′ . The periodic structures in the IBIS mask cause the appearance of parasitic peaks ("ghosts") in the images of real sources. We used an iterative procedure to eliminate such ghosts. For this purpose, we used a "current" catalog of sources, which was renewed each time a new bright source was detected. The image reconstruction was then redone for each observation containing the new source using the updated current catalog.
The case of a bright source
Since the pattern of the shadowgram cast by a point source through the mask is not ideally known, the ghost removal procedure is not perfect. Some photon counts can be left or oversubtracted at certain positions on the detector. This effect is usually small but can become significant for deep fields containing very bright sources. In this case, characteristic "crosses" and "rings" appear around the bright sources. The former artifact appears when the observational program of a bright source is dominated by starring pointings with a constant roll angle. A variable roll angle diminishes this effect but produces concentric structures. In practice this means that in regions with very bright sources, some source detections based on the criterion of exceeding a reasonable threshold, say 5σ, may be false. The level at which imperfect ghost removal starts to play a role depends on the observational pattern and typically corresponds to ∼(3-5)×10
−3 of the flux of the brightest source within the IBIS field of view. Therefore, the extracted list of excesses should always be checked "by eye" and cleaned out from such characteristic series of false detections around bright sources. It should be noted that such a cleaning introduces "dead zones" where a real source may be missed. We have verified that in the worst case, the total area of such zones does not exceed 100 deg 2 , which constitutes a neglible fraction of the total area of our all-sky survey.
On applying the procedures described above, each observation is represented by a 28
• × 28
• sky image with a pixel size of 4 ′ . The full analyzed data set contains 23,547 such images and comprises ∼ 35 Ms (dead time-corrected) worth of observations. We applied an additional filtering to the resulting images using information about the residual (after subtraction of point sources) rms signal-to-noise variations in the images. Those images having rms > 1.05 were excluded from the analysis. This resulted in an additional rejection of ∼ 7% of the pointings and finally left us with ∼ 33 Ms worth of clean observations. An analysis of mosaic images built from observations covering the whole sky is complicated by various effects of projections onto a 2D plane. The most significant one is distortions of the point spread function (PSF) at positions far from the center of the projection. This leads to uncertainties in estimating the source position and flux. To avoid this effect, we followed an approach that had been developed for analyzing data distributed on a sphere. Specifically, we used a number of subroutines from the HEALPIX package (Hierarchical Equal Area isoLatitude Pixelization of a sphere, Górski et al. 2005) to build a mosaiced sky. This technique provides an equal-area pixelization of the sphere and allows us to analyze all of the data uniformly. We produced a HEALPIX-based map of the whole sky with 12M pixels, which corresponds to a ∼ 3.4 ′ size of each sky pixel. The map was constructed by projecting individual IBIS/ISGRI images onto the HEALPIX all-sky frame.
Detection of sources
We searched for sources on three time scales -in individual SCWs (∼2 ks exposure time, typical sensitivity 20-30 mCrab), on images integrated over individual satellite orbits (∼200 ks, ∼ 4 mCrab), and on the time-averaged all-sky map (∼33 Ms).
The detection of sources was performed using 20
• ×20
• projections of the HEALPIX all-sky image. Since adjacent pixels in these images (pixel size ∼ 4 ′ ) are smaller that the instrumental PSF, we convolved the images with a Gaussian filter that mimics the effective instrumental PSF (σ = 1.25 ′ ).
The signal-to-noise ratio distribution of pixels is dominated by the statistical noise and can be described by a Gaussian. In those sky regions that contain very bright point sources, the rms scatter of signal-to-noise ratios increases. However, this mainly occurs due to the presence • × 20
• projection image of the sky around the position 15h 28m 00.0s, −28
• 00m 00s (J2000). The dotted line represents the normal distribution with unit variance and zero mean.
of unsubtracted ghosts, which can be found by eye and removed.
There are small misalignments between the mask grid and the detector pixels, which cause imperfect redistribution of counts over the mask-aligned detector grid. However, this effect is minor, because the correlation length of the noise in the projected images is smaller than the size of the applied Gaussian filter. As a result, the originally measured variance of the distribution of pixel significances is slightly less than unity. To correct for this, we implemented a uniform rescaling of the error map for each sky projection. The correction factor was determined from each HEALPIX projection image and found to vary between 0.9 and 1.0. For sky fields containing a large number of point sources or for images of poor quality, the mentioned effect becomes less important than systematic biases introduced by the image reconstruction algorithm (Sect. 3). In such cases, the correction factor cannot be properly estimated, and so we adopted it to be not greater than unity. In Fig. 3 we show the signal-to-noise ratio distribution of the pixels of a 20
• × 20
• corrected sky map centered on some arbitrary position. This distribution (except for the positive bright tail produced by real sources) can be described by the normal distribution with unit variance and zero mean.
We next specified a detection threshold in units of this clean "sigma" to search for sources in images. The lists of source candidates were then cleaned by eye from excesses forming characteristic patterns around bright sources.
Taking into account the IBIS/ISGRI angular resolution, the all-sky map and maps accumulated during single revolutions contain ∼ 10 6 and 3 × 10 7 statistically independent pixels, respectively. We adopted the corresponding detection thresholds of (S/N ) lim > 5σ and (S/N ) lim > 5.5σ to ensure that the final catalog contains less than 1-2 spurious sources.
Apart from the main search described above, we detected several sources in special extended series of observations such as the deep surveys of the Sagittarius and Crux spiral arm tangent regions (Molkov et al. 2004; Revnivtsev et al. 2006) . Some of these sources fall below our detection threshold (5σ) on the all time-averaged map, which probably indicates their strong variability or transient nature.
We emphasize that for statistical studies only those sources from the catalog that have time-averaged statistical significance higher than 5σ (see the flux column in Table 1 below) should be used.
Localization accuracy
We determined the positions of sources by fitting the centroid of a 2D gaussian (σ = 1.25 ′ ) to the peak of the PSF-convolved source image. To estimate the accuracy of this method, we built the distribution of deviations of the measured positions of sources with known cataloged locations for a large number of INTEGRAL observations. The positional accuracy of sources detected by IBIS/ISGRI depends on the source significance (Gros et al. 2003; Bird et al. 2006a ). The estimated 68% confidence intervals for sources detected at 5-6, 10, and > 20σ are 2.1 ′ , 1.5 ′ , and < 0.8 ′ , respectively.
Catalog
We detected a total of 400 sources in the 17-60 keV energy band over the whole sky. The full list of sources is presented in Table 1 , and its content is described below. Column (1) -source number in the catalog. Column (2) -source name. For sources whose nature was known before their detection by INTEGRAL, their common names are given. Sources discovered by INTEGRAL or those whose nature was established thanks to INTEGRAL are named "IGR"
Columns (3,4) -source Equatorial (J2000) coordinates.
Column (5) -time-averaged source flux in mCrab units. A flux of 1 mCrab corresponds to 1.43 × 10 −11 erg s −1 cm −2 for a source with a Crab-like spectrum. Column (6) -general astrophysical type of the object: LMXB (HMXB) -low-(high-) mass X-ray binary, AGNactive galactic nucleus, SNR/PWN -supernova remnant, CV -cataclysmic variable, PSR -isolated pulsar or pulsar wind nebula, SGR -soft gamma repeater, RS CVncoronally active binary star, SymbStar -symbiotic star, Cluster -cluster of galaxies. Column (7) -additional notes and/or alternative source names.
Column (8) -references. These are mainly provided for new sources and are related to their discovery and/or nature.
We note that Bird et al. (2006b) have recently performed a similar hard X-ray survey using INTEGRAL/IBIS/ISGRI data. The catalog of these authors contains 421 sources detected in five energy bands spanning 18-100 keV. Although a detailed comparison of this catalog with ours goes beyond the scope of the present paper, we may mention some important differences: (i) our dataset covers a number of extragalactic regions not covered by the survey of Bird et al. (2006b) , on the other hand their dataset contains a considerable amount of data not available to us; (ii) Bird et al. (2006b) used the standard INTEGRAL OSA software, whereas we used a software developed at the Space Research Institute (Moscow, Russia); (iii) the detection criterion adopted in our work allows not more than 1-2 spurious sources to be present in the whole catalog, while the catalog of Bird et al. (2006b) may, by construction, contain considerably more spurious sources.
Some peculiar sources

Galactic Center source IGR J17456−2901
The sky density of hard X-ray sources is not very highin general N (> 1mCrab) < 0.1 deg −2 , therefore the angular resolution of the IBIS telescope (∼ 12 ′ ) is usually sufficient to prevent source confusion. The only exceptional region is the Galactic center: in the close vicinity (within 1
• ) of Sgr A * , IBIS sees 10 sources. At the position of Sgr A * there is an additional hard Xray excess, IGR J17456−2901. This source was originally reported by Revnivtsev et al. (2004c) and erroneously associated with the X-ray burster AX J17456−2901. Subsequent studies of this source demonstrated that it is extended (Neronov et al. 2005; Bélanger et al. 2006) and is probably the superposition of a large number of faint point sources located in the Galactic nuclear stellar cluster (Krivonos et al. 2005b) . Note that, as is shown by Bélanger et al. (2006) , at higher energies (∼ 70-100 keV), the position of the centroid of the excess is displaced with respect to Sgr A * , indicating that the nature of the highenergy source may be different from that of the 17-60 keV emission.
RX J1713.7−3946
Since IBIS is a coded-mask telescope, it is not well suited for studying sources more extended than its angular resolution. However, if a source is only somewhat larger than the instrumental PSF, it is possible to obtain some limited information about the spatial structure of the source (see e.g. Renaud et al. 2006a,b) .
In particular, in our catalog there are four extended sources that are not much larger than the IBIS PSF (∼ 
12
′ ): three clusters of galaxies (Oph, Perseus, and Coma) and the supernova remnant RX J1713.7−3946.
It is clearly seen (Fig. 4 ) that the supernova remnant RX J1713.7−3946 exhibits clear extended structure (visible size in hard X-rays ∼ 24 ′ ). The significance of the hard X-ray detection varies along the extended structure between 4σ and 5σ (the statistical significance of the total extended emission is > 10σ). The total exposure for this region is 5.3 Ms (dead time-corrected). To test the stability of the apparent spatial feature, we split the entire period of observations into four intervals and examined them individually. The extended structure is clearly present in each image and looks stable against the background of variable noise.
The supernova remnant RX J1713.7−3946 was discovered in soft X-rays during the ROSAT all-sky survey (Pfeffermann & Aschenbach 1996 ). An extended elliptical structure was found with a maximum extent of 70 ′ (see the red contours in Fig. 4 ). The non-detection of emission lines in the X-ray spectrum of RX J1713.7−3946 (ASCA, Koyama et al. 1997; Slane et al. 1999 ) was regarded as an indication that the observed X-rays is non-thermal emission from an expanding shell.
Recently, very high-energy (VHE) gamma-ray emission was discovered from the remnant by the H.E.S.S. experiment (Aharonian et al. 2006) . The spatial correlation of the VHE emission intensity with the X-ray morphology confirms that cosmic-ray particles are being accelerated in the shell.
Here we report a detection of RX J1713.7−3946 in hard X-rays. The hard X-ray emission is probably synchrotron emission of 100-TeV electrons accelerated in the shell (Koyama et al. 1995). • , solid histogram). The best-fitting power law with a slope of 1.62 ± 0.15 and normalization of (5.7 ± 0.7) × 10 −3 deg −2 at a flux of 1 mCrab is shown by the dashed line. The dotted curve represents the log Nlog S distribution of all extragalactic sources including blazars and clusters of galaxies (except for unidentified sources).
Extragalactic sources -AGNs
All sources in our catalog can be separated into two main classes -galactic and extragalactic (mainly AGNs). Under the assumption that AGNs are uniformly distributed over the sky (which is only a crude approximation of the real situation, see Sect. 6), we can construct the deepest ever number-flux function of hard X-ray emitting AGNs.
The catalog contains 131 objects 1 identified as AGNs (see also Sazonov et al. 2007 2 ). Of these, 94 have statistical significance higher than 5σ on the time-averaged map, including 86 emission-line AGNs (non-blazars) and 8 blazars. There are also 40 unidentified sources detected on the average map. The relative fraction of unidentified sources is much smaller for the extragalactic sky (|b| > 5
• ) than for the whole sky: the corresponding numbers of nonblazar AGNs and unidentified sources are 69 and 6.
1 Three additional sources: IGR J02466−4222, IGR J02524−0829, and IGR J18578−3405 have a suspected AGN origin.
2 After publication of the INTEGRAL AGN catalog by Sazonov et al. (2007) , four sources have been added to the AGN list: IGR J18249−3243 , ESO 005-G004, IGR J14561−3738, and SWIFT 0920.8−0805
Since INTEGRAL observations cover the sky inhomogeneously, in constructing number-flux functions we should take the sensitivity map into account. In Fig. 5 we show the cumulative log N -log S distribution of nonblazar AGNs derived at |b| > 5
• (excluding the 7 unidentified sources). It can be well fit by a power law: N (> S) = AS −α . Using a maximum-likelihood estimator (see e.g. Crawford et al. 1970) , we determined the best-fit values of the slope and normalization: α = 1.62 ± 0.15 and A = (5.7±0.7)×10 −3 deg −2 at S = 1 mCrab. This implies that AGNs with fluxes exceeding our effective threshold S lim = 0.8 mCrab account for ∼ 1% of the intensity of the cosmic X-ray background in the 17-60 keV band, which was recently re-measured by INTEGRAL (Churazov et al. 2007 ).
We previously (Krivonos et al. 2005a ) constructed a number-flux relation of extragalactic sources in a relatively small region of the sky (45
• ×45
• ) around the Coma cluster of galaxies. The deep (∼ 500 ks) observations of the Coma were used to study a sample of 12 serendepitously detected sources in that field. After correcting for the expected number of false detections and fitting the resulting log N -log S relation by a power law with the Euclidean-geometry slope of 3/2, the surface density of hard X-ray sources above a 20-50 keV flux threshold of 10 −11 erg s −1 cm −2 (∼ 1 mCrab) was found to be (1.4 ± 0.5) × 10 −2 deg −2 . This value is significantly higher than the average surface number density of AGNs in the |b| > 5
• sky, determined above, which probably reflects the large-scale overdensity of galaxies in the general direction of the Coma cluster (see Sect. 6).
Using the derived log N -log S distribution, we can compare the numbers of AGNs detected during the survey in different parts of the sky with the numbers expected under the assumption of uniform spatial distribution of sources. We find good agreement between these numbers within the statistical errors for 15
• × 360
• strips cut parallel to the Galactic plane (Fig. 6) . Even in the Galactic plane region (|b| < 5
• ), which was excluded from our calculation of the number-flux function, the expected number of AGNs exceeding the detection threshold (18.4) is compatible with the number of detected and identified AGNs (16). This suggests that most of the unidentified sources in the Galactic plane region are of Galactic, rather than extragalactic origin. This tentative conclusion of course rests on our assumption that AGNs are distributed uniformly on very large scales over the sky, which is in fact approximately true only for relatively distant objects (D ∼ > 70 Mpc, see the next Section) and much less so for more nearby AGNs, which constitute approximately half of our sample.
If we now include all the identified AGNs detected in the Galactic plane region into the calculation of the AGN number-flux function (thus increasing the total number of non-blazar AGNs to 86 and extending the calculation to the whole sky), we find α = 1.50 ± 0.13 and A = (5.4 ± 0.6)×10 −3 deg −2 at 1 mCrab, i.e. virtually the same values as for the |b| > 5
• sky.
Fig. 6 Expected numbers of AGNs (red) in 15
• -wide Galactic-latitude strips (integrated over all Galactic longitudes) and the corresponding numbers of actually detected and identified AGNs (blue). The involved statistical uncertainties are shown by error bars.
6. Signatures of large-scale structure in the population of hard X-ray AGNs
It is now widely accepted that practically every galaxy in the local Universe has a supermassive black hole and some of these black holes are AGNs with widely ranging luminosities (see e.g., Richstone et al. 1998 ; Kormendy 2001, for a review). Therefore, it is reasonable to assume that the space density of X-ray emitting AGNs is proportional to that of normal galaxies. The spatial distribution of galaxies in the local Universe is inhomogeneous. The gravitational attraction of matter in the Universe has formed different structures with sizes 3 up to ∼ 100 Mpc. On larger scales, matter is distributed more or less uniformly, whereas on smaller scales there is strong inhomogeneity. The contrast in matter density between galaxy concentrations and voids can reach an order of magnitude and more (see e.g. Rees 1980; Davis & Peebles 1983; Bahcall & Burgett 1986 ). As our sample of hard X-ray emitting AGNs mostly probes the nearby Universe out to distances ∼ 200 Mpc, we have the possibility to see similarly strong inhomogeneities in the distribution of nearby AGNs.
To this end, we estimated the space densities of AGNs in different directions of the sky. Due to the relatively small size of our sample, we assumed that the AGN number density is constant along a given line of sight while the shape of the AGN luminosity function is invariant in the local Universe. We adopted this shape from Sazonov et al. (2007) , who calculated the all-sky average hard X-ray luminosity function using the same sample of AGNs as in the present study.
Under these assumptions and using the sensitivity map of the survey, we determined the normalization of the luminosity function within spherical cones drawn around multiple directions in the sky through comparison of the expected and measured numbers of AGNs in these cones. We adopted the half-opening angle of the cones to be θ = 45
• in order to achieve reasonably good angular resolution of the resulting map and still have a significant number of AGNs in each cone. To optimize our sensitivity to anisotropies in the spatial distribution of AGNs, we restricted ourselves to distances < 70 Mpc, at which maximal contrasts in galaxy numbers are expected (see e.g. Rowan-Robinson et al. 2000) . Fig. 7 2D -map of the AGN number density in the local Universe. This map was constructed in Galactic coordinates using the sample of 39 AGNs located at distances D < 70 Mpc. Shown for each pixel is the estimated normalization of the AGN luminosity function within a spherical cone with a half-opening angle of 45
• around that direction. The density is given in units of 2× 10 −4 Mpc −3 at luminosities higher than 10 42 erg s −1 (17-60 keV), which is the average local density of AGNs (Sazonov et al. 2007 ). Green contours show the surface number density of galaxies detected during the IRAS PSCz survey at distances D < 70 Mpc. In Sect. 3 we demonstrated that most of the extragalactic objects detectable by INTEGRAL in the Galactic plane region are probably already identified, hence we can use for our analysis the all-sky sample of AGNs.
The resulting map of the number density of nearby AGNs over the sky is shown in Fig. 7 . The density is given in units of 2 × 10 −4 Mpc −3 at luminosities higher than 10 42 erg s −1 (17-60 keV), which is approximately the average local density of AGNs (Sazonov et al. 2007) . Prominent large-scale concentrations of AGNs can be seen in the northern (to the right) and southern (to the left) Galactic hemispheres. We can assess the statistical significance of these anisotropies by considering the density measurements in statistically independent regions of the sky. Given the relatively large opening angle of our sampling cone, there are only 12 such independent directions on the whole sky. Since in our case the estimated density values are strongly affected by Poisson statistics, we constructed a maximum likelihood estimator in the form L = log P x (n), where P x (n) is the probability to detect n sources in our detection cone if the expected number of sources is x. The probability that the measured AGN number density distribution is a statistical realization of a homogeneous distribution is 8.7 × 10 −4 . If we take into account that the high and low AGN number density regions well correlate with known (from surveys of infrared galaxies, e.g. Rowan-Robinson et al. 2000 , and X-ray clusters of galaxies, e.g. Kocevski & Ebeling 2006) over-and under-dense regions in the local Universe, respectively, the statistical significance of the found spatial inhomogeneity will be much higher.
The discovered anisotropy of AGNs agrees well with the known distribution of matter in the local Universe. The large-scale feature in the northern Galactic hemisphere is consistent with the position of the highest mass concentrations in the local Universe: the nearby Virgo cluster (∼ 18 Mpc, ∼ 1.2 × 10 15 M ⊙ Fouqué et al. 2001; Tonry et al. 2000) and the more distant and massive Great Attractor (∼ 65 Mpc, (1-5)×10
16 M ⊙ , Lynden-Bell et al. 1988; Tonry et al. 2000) . The southern structure is consistent with the Perseus-Pisces supercluster (∼ 50 Mpc, (7-9)×10 15 M ⊙ , Hanski et al. 2001 ). To better demonstrate the similarity between the distributions of hard X-ray emitting AGNs and matter over the sky, we used the IRAS PSC redshift survey (Saunders et al. 2000) . We selected galaxies located at distances < 70 Mpc and have far-infrared flux S 60µm > 1 Jy. The IRAS PSCz survey covers approximately 83% of the sky due to presence of so-called Zone of avoidance, sky region to the north and to the south from the Galactic equator where Galaxy obcures the IR emission. In order to fill this gap during the construction of the map of densities of IR galaxies we assumed that the number density of galaxies hidden behind the Galactic plane (10 degrees to the north and to the south of the equator) is constant and equals to the all-sky average value. Contours of the number density map of IRAS galaxies are shown in Fig. 7 .
We emphasize that this comparison is rather approximate and only reflects the distribution of the projected mass. A detailed study of the correlation between the spatial distributions of hard X-ray emitting AGNs and matter in the local Universe will be presented elsewhere.
It is obvious from the above discussion that any estimate of the AGN surface number density based on a small area of the sky may be significantly biased. This was apparently the case for our survey in the ∼ 45
• × 45
• region around the Coma cluster (Krivonos et al. 2005a) , where a high surface number density of relatively nearby (D ∼ < 70 Mpc) AGNs was found (see Sect. 5). Indeed, the observed region is located approximately in the direction of the prominent large-scale structure in the northern Galactic hemisphere (see Fig. 7 ). To better demonstrate the strong contrast in the distribution of AGNs over the sky, we calculated the sensitivity-corrected log Nlog S distributions of AGNs in the two hemispheres defined by the direction of motion of the Local Group:
• , as measured by IRAS (Lahav et al. 1988) . These distributions are shown in Fig. 9 . The counts of bright sources (S > ∼ 10 −10 erg s −1 cm −2 ), for which our survey is almost 100% complete in both hemispheres, exhibit a contrast as high as 11 : 1.
In addition, we explicitly calculated the AGN luminosity functions in both hemispheres defined above and found their shapes to be consistent with that of the all-sky average luminosity function determined by Sazonov et al. (2007) . This confirms that the found anisotropy mostly reflects the inhomogeneous distribution of matter in the local Universe rather than generic variations of the AGN luminosity function. Figure 9 demonstrates that most of the observed anisotropy in the distribution of AGNs over the sky is due to closest (brightest) AGNs. Inclusion of sources located at progressively larger distances is expected to decrease the surface number density variations over the sky (Rowan-Robinson et al. 2000) . To demonstrate this, we built a map of the number density of AGNs located at D > 70 Mpc (Fig. 8) , which should be compared with that for nearby AGNs (D < 70 Mpc, Fig. 7 ). It can be seen that the more distant AGNs are distributed more uniformly across the sky, although their distribution is still only marginally consistent with a homogeneous one: the corresponding probablity is 10
The open circles in Fig. 9 show the log N -log S distribution previously obtained in the Coma region. This number-flux relation lies higher than the all-sky average due to the overdensity of galaxies in this relatively small region of the sky (1,243 sq. deg), including two bright AGNs, NGC 4151 and NGC 4388. As a result, the resolved fraction of the CXB in this region is also high, ∼ 3%. As was already mentioned above, the resolved fraction of the CXB for the whole sky is only ∼ 1%. This last value is consistent with that reported by Beckmann et al. (2006) based on their analysis of INTEGRAL observations covering 25,000 sq. deg of the sky. Fig. 9 Number-flux functions of extragalactic sources (excluding blasars and clusters of galaxies) measured in different sky regions. The log N -log S relations for sources in two hemispheres, in the direction of the IRAS dipole l = 268
• , b = 27 Lahav et al. 1988 ) and in the opposite direction, are shown by the red and blue histogram, respectively. The dashed line represents the best-fitting log N -log S distribution for the entire sky excluding the Galactic plane (|b| > 5
• , see 
Galactic sources
The presence of a large number of Galactic sources in the INTEGRAL all-sky catalog is obvious from the large overdensity of sources near the Galactic plane. For demonstration we built sensitivity-corrected cumulative number-flux functions for all (> 5σ) sources in 15
• Galactic-latitude bins. The derived surface number density of sources as a function of Galactic latitude is shown in Fig. 10 .
The vast majority of sources in the Galactic plane are low-and high-mass X-ray binaries (> 70% in total, excluding unidentified sources). The number-flux function of all sources at |b| < 5
• (Fig. 11) , is much flatter than that of extragalactic sources at |b| > 5
• (Forman et al. 1978) and reflects the luminosity functions of the dominant Galactic source populations (see e.g. Grimm et al. 2002) . A detailed study of Galactic sources based on the INTEGRAL all-sky survey will be presented elsewhere. Fig. 10 Surface number density of (> 5σ) sources with flux > 1 mCrab as a function of Galactic latitude. Blue and red points represent all and (identified) extragalactic sources, respectively. The dashed line represents the normalization of the all-sky extragalactic log N -log S function. Fig. 11 Cumulative log N -log S distribution in the energy band 17-60 keV of all sources in the Galactic plane region (|b| < 5
• , dashed histogram) in comparison with that of AGNs at high latitudes (|b| > 5
• , solid histogram). The dashed line represents the best-fitting power law to the number-flux relation of AGNs.
Conclusion
We have presented the all-sky hard X-ray (17-60 keV) survey performed by the IBIS coded-mask telescope of the INTEGRAL observatory. The total dead-time corrected exposure of the survey is 33 Ms. 12% and 80% of the whole sky have been covered down to limiting fluxes of 1 and 5 mCrab, respectively. The survey allowed us for the first time to study the population of hard X-ray sources in an unbiased manner, without strong influence of limited sky coverage.
Our catalog contains 400 detected sources. Of these, 213 are of Galactic origin (87 LMXBs, 74 HMXBs, 21 CVs, 6 active stars, and other types) and 136 are extragalactic, including 131 AGNs, 3 AGN candidates, and 3 clusters of galaxies. There remain 48 (including 40 detected with more than 5σ significance on the time-averaged map) unidentified sources, only 6 of which are located in the extragalactic sky (|b| > 5
• ). The catalog includes 137 sources discovered by INTEGRAL, 15 of which are reported here for the first time.
A number of sources detected by INTEGRAL/IBIS have counterparts in the TeV energy band. In this paper we for the first time presented the map of extended hard X-ray (17-60 keV) emission of the supernova remnant RX J1713.7−3946.
We explored the spatial distribution of AGNs in the local Universe. The cumulative log N -log S function of AGNs derived away from the Galactic plane (at |b| > 5
• ) can be well fit by a power law N (> S) = (5.7 ± 0.7) × 10 −3 S −1.62±0.15 deg −2 (fluxes in mCrab units). This implies that ∼ 1% of the CXB at 17-60 keV is directly resolved by INTEGRAL.
We demonstrated that local ( ∼ < 70 Mpc) AGNs are inhomogeneously distributed in space, largely following the large-scale structure. In particular, significant concentrations of AGNs were found in the regions of the sky around the Virgo cluster, the Great Attractor, and the PerseusPicses supercluster. 
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